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WORD NETWORKS (PART 2)
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CIDERA. ROSS ECKLER
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In the May 1973 is sue of Word Ways, we presented the first part of
a two-part article exploring the propertie s of word networks. A word
network is forrned out of words all having the same length; the words
are joined by a link in the network if they differ only in one position,
such as SHARE and SHORE, or BETTER and BATTER.
In the earlier article, we examined word networks consisting of 2
letter, 3-letter and 4-letter words drawn from the Merriam- Webster
Pocket Dictionary. In this article, we conclude our study with a de
scription of word networks for words from five to eight letters long.
Five- Letter Word Networks
The five-letter word network is the most difficult one to study. It
is far too large to diagram, but on the other hand it is a tedious task to
try and identify all the isolanos as was done in the four-letter case.
However, one can employ stati stical sampling methods to determine the
size of the mail;' network. The 58 words at the bottom of each column
(of 48 words) in the Word Builder' s Handbook were carefully analyzed
to see whether or not they could be joined to each other by any path
using Pocket Dictionary words. After a considerable amount of effort,
33 of these were found to be connected; none of the remaining 25 were
connected with the main network or with each other. Since there are
a total of 2798 five-letter words, we estimate that the main network
has a size of ( 2798) ( 33/58) = 1590 words, only slightly fewer than the
four-letter main network. (For the statistically-trained reader, we
point out that one can say with a 95 per cent probability of being correct
that the true, but unknown, size of the main network lies in the interval
between 1539 and 1641.)
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Although the five-letter word network is too large to diagram, one
can obtain some idea of its general structure. To begin with, words
starting with a vowel playa relatively small role -- of the 33 sampled
words, only three (AGAVE, EAGER and INTER) showed up. AGAVE
(with AGAPE) is at the end of a relatively short vowel-chain: AGAVE
agate-abate-abase-abash-awash-SWASH. However, EAGER and INTER
are contained in the most extensive vowel-chain connected to the main
network ( see next page). Note that this 25-word vowel chain joins the
consonantal part of the main network in four places, and that all five
initial vowel B are pre sented.
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WAGER- -eager
WATER- -eater---- - --- -enter-inter-inner-infer
eaten
ester
oaten-often
aster-astir
WAKEN- - oaken
after
alter - altar - attar
under-udder-adder-alder
elder-elver-elves
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The consonantal part of the main network has even more interesting
properties. Letting C stand for a consonant, V for a vowel, and Y for
itself, most of the consonantal network can be split up into four groups
that are fairly strongly connected internally but weakly joined to each
other in the order given by the following list:
1) words beginning with two consonants (CCVCV, CCVCC, CCVVC)
2) words with second letter a vowel, fourth letter a consonant
(CVVCC, CVVCV, CVCCC, CVCC~
3) words with second letter a vowel, fifth letter Y ( CVCCY ,
CVVCY, CVCVY)
4) words with second and fourth letters vowels (CVCVC)
We list below the only known essential connections between these groups.
Byes sential connections, we mean those which anchor firmly in both
groups, not filaments from one group that cross the line and terminate
almost immediately.
CCVCC to CVVCC: blast-boast
CCVCV to CVVCV: place-peace, phase-pease, chase-cease,
glide-guide, spite- suite, prise-poise
CVCCV to CVCCY: paste-pasty, ha ste-hasty, taste-tasty,
mange-mangy, range-rangy
CVVCV to CVVCY: mouse-mousy, louse-lousy
CVCVY to CVCVC: decay-decal, honey-honer
Probably the most direct route from the second group to the third and
fourth groups is the one from MOUSE to BOWER:
MOUSE-LOUSE
mousy--lousy
--mussy-mossy-------bossy-bosky
mosey
money
honey-hooey
goner-honer
boner-borer
BOWER
The only other known route from the third group to the fourth is a bit
longer; ignoring various short side paths, it runs BELLY-belay-delay
decay-decal-fecal-fetal-fatal-natal-naval-navel-novel-hovel-HOVER.
The side loop FETAL-petal-pedal-medal-modal-model-motel-hotel
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HOVEL can also be used.

If the word- supply in the Pocket Dictionary were a little smaller,
the five-letter main network would very likely disintegrate into a num
ber of"large fragments. For example, the elimination of MOSEY and
DECAL would cast the entire fourth group adrift.
What is the largest group of words isolated from the main network?
This is quite difficult to determine; the following eighteen-word group
is the largest one yet found:
world
wound-would poult
mound- mou1d- moult- mount
sound could
count-court
found--------------fount
hound
pound
round
bound
The next largest isolated group may well be the eleven-word bigot
bight- eight- fight-light-might-night- right- sight-tight- wight.
The decreasing density of the five-letter network is well-illustrated
by the fact that the word having maximum ambiguity, SHARE, connects
with only fifteen words instead of twenty-four as was the case with WARE~
SPARE, SCARE, SNARE, STARE, SHIRE, SHORE, SHADE, SHAKE,
SHALE, SHAME, SHAPE, SHAVE, SHARD., SHARK and SHARP. Note
that for the fir st time the maximum- ambiguity word doe s not have gar
bles in every position. Such words were dubbed ona10sis (the reverse
of iso1ano) by Dave Silverman in the May 1970 Word Ways. One ex
ample of a five-letter ona10si is SHORE: CHORE, SCARE, SHARE,
SHONE, SHORT. At the other extreme, sixteen of the twenty-five
words sampled outside the main network were found to be iso1anos;
therefore, it is estimated that (16/58) = 27 per cent of all five-letter
words are iso1anos.
Garble groups playa steadily less important role. The largest
known five-letter garble group, of shape (15211), has only ten words:
share
shore

scare
score

spare
spore

stare
store

share
shore

Murray Pearce has pointed out that the following set of words of shape
(12241) lacks only two words for a sixteen word garble group:
stove
store
stoke
stole

stave
stare
stake
stale

shove
shore

----
----

shave
share
shake
sh~le

contains a garble group in which three letter s are changed.
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In the May 1972 Word Ways, Mary Youngquist presented a list of
seventeen five-letter words with maximum resistance to ambiguity:
ANGST,-BLUFF, COYPU., DRINK, ETHYL, FJORD, GIZMO, HELVE,
ICTUS, LYNCH, OXBOW, PSALM, RUMBA, SPRIG, THEGN, UDDER
and WACKY. Of these .words, only two -- DRINK and LYNCH -- are in
the main network.
Six- Letter Word Networks
When one considers six-letter words, it is no longer accurate to
speak of the main network. The 4056 words in the Pocket Dictionary
are split into hundreds of independent fragments, the largest of which
contains only 465 words -- 11.2 per cent of the total vocabulary. (It is
quite likely that a few additional words have been overlooked, so 465
should be regarded as a lower bound on the group size.) Although this
is far too large to conveniently diagram in this article, a brief descrip
tion of its main characteristics follows. The great bulk of the words
contained in it are of the form CVCCER, CVCCED and CVCCET, where
C stands for a cons.onant and V, a vowel; the middle consonants are
typically TT, NN, LL, GG, DD, RR, NG, CK, NK, RK, NC, ND, TH,
SH, ST, LT, RT, RN ar NT. About thirty words of the form CVVCER
are also present. A group of 64 words of the for..m. CVCCLE are joined
to the CVCCER words via a single bridge: SETTLE, SETTEE, SETTER.
Only four initial vowel words appear in this network: EASTER, OUS
TER, OYSTER and EITHER.
The second largest group is also composed of words of the form
CVCCER, CVCCED and CVCCET, but the middle consonants are dif
ferent: MM, PP, BB, MP or MB. It contains at least 101 words.
The third large st group, containing at least 66 words, is of the form
CVCCLE with the middle consonants BB, MB, MP, RB, RG, RD, DD
or ODe The rather obvious group of CVCING words appears to be much
smaller - .. only 32 words are connected. It is possible that one or
more unrecognized groups exceed this in size.
What six-letter word has maximum ambiguity? Surprisingly, BAT
TER is nearly as ambiguous as SHARE, with 13 words only one step
away: HATTER, LATTER, MATTER, PATTER, TATTER, BETTER,
BITTER, BUTTER, BANTER, BARTER, BATHER, BATTED and BAT
TEN. Note that BATTER is not quite an onalosi, as it has no garble
in the fifth position. It does not appear possible to find a six-letter
onalosi using only Pocket Dictionary words; some near misses are:
HANGER: danger, hunger, ------, hanker, hangar, hanged
CANTER: banter, center, caster, canker, cantor, _
BETTER: fetter, bitter, beater, -- ----, bettor, betted
If the word PASTER existed in the Pocket Dictionary, it would have
garble s in every position: master, poster, patter, pas ser, pastor,
pastel.

are changed.

At the other extreme, a sample of 84 words revealed that 33 were
isolanos; therefore, it is estimated that (33/84) = 39 per cent of all
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six-letter words are isolanbs.
What is the span of the largest word network? (It is rather unlikely
that any of the spans of the smaller networks exceed this.) Although it
is difficult to be certain, the following thirty- step path connecting
SUDDEN to GIGGLY is probably the longest minimum-length path:

r

b

SUDDEN- sadden-madden-midden- bidden- bidder- binder-winder
winker-tinker-tanker- banker- banter- batter- better- setter- settee
settle-mettle-mottle- bottle- battle- <;attle- cantle-mantle -mangle
wangle-waggle-wiggle-giggle- GIGGL Y

runn
dunn-d
cunn-c

gUI?-n
A path of similar length can be achieved by starting with BEDDED in
stead of SUDDEN. Although the six-letter network has slightly fewer
words than the three-letter network did, the span is two-and-one-half
times as large (30 compared to 12) -- evidence of the vastly different
nature of the two networks.
It is possible to find fifteen s-ix-letter words with maximum resis
tance to ambiguity: ASTHMA, BLAZON, CYSTIC, EMBRYO,
FREEZE, GUFFAW, HICCUP, KNOBBY, LENGTH, MADDER,
OBLONG, SCRUFF, TOWARD, UPHILL and WHILST.

If one has two six-letter words with maximum resistance to ambi
guity, it is clear that it must take at least six steps to change one into
the other by means of a word ladder - - one must travel along at least
six lines in the network. Is it possible to find two such six-letter
words which require no more than six steps to connect? This que stion
can easily be answered in the affirmative for shorter words, but now
it is not quite so trivial. In fact, only four such change s are known:
settle,
settle,
settle,
settle,

settee,
settee,
settee,
settee,

setter,
setter,
setter,
setter,

better,
fetter,
better,
better,

batter, banter, banner
fitter, filter, filler
batter, banter, banker
batter, barter, barker

Seven-Letter Word Networks
Not surprisingly, the fragmentation process continues with seven
letter networks. Although there are 4591 seven-letter words in the
Pocket Dictionary, more than any other word length, the largest net
work has only 118 words -- about 2.6 per cent of the total. (The cav
eat given for six-letter words applies here as well.) A diagram of
this word network is given on the next page. As all of the words but
one (MATTINS) are of the form CVCCING or CVVCING, where Cis
a consonant and V, a vowel, the final three letters are omitted to
save space.
Three other fair- sized word networks have also been noted: 47
words mostly of the form CCVCCER and CCVCCEDj 35 words of the
form CCVPPER and CCVPPED; and 24 words of the form CVPPING.
Three of these four networks do not even collectively exhibit the ona
losi property; that is,· one (or more) letters of all the words in each
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wagg
gagg
nagg
sagg
forg-fogg-fagg
pegg
bogg-bagg-----begg
long-Iodg-logg-Iagg-lugg-legg
togg-tagg-tugg
jigg-jogg
rnugg
digg-dogg
hugg
• •
rlng-rlgg
tinn-ting

sunn-------~--------sinn-sing-sink
I

pann- penn-pinn
: winn-wind
:
find
land:
bind-bipd-kidd-ridd
send------lend-pend-rend-bend
:
head-lead------read-bead-bedd------we~d

heav-leav-weav
:
leap:

:
:

budd-pudd
I
padd-wadd-gadd-madd

I
I
glar
1
I
1
I
hear-tear-wear-gear-bear
herr
beat- boat-coat
I

I

:

pitt-hitt---------- sitt- witt-fitt
lett- nett- be~t-pett - - --- jt;tt- gett- sett-wett
matt-ratt-tatt--------- bait-patt-part III
1
I
rott-tott-dott--------- pott----- jott
I
I
cutt-putt----- jutt-gutt
of these networks remain the same. However, the 47-word
CCVCCER- CCVCCED network does produce garble s for every letter:
platter-flatter, shatter- scatter, bluster-bUster, planter-plaster,
charter-charmer, chantey-chantry, and chatter-chattel.
The seven-letter word with maximum ambiguity appear s to be
PETTING, which has eleven garbles: BETTING, GETTING, JETTING,
LETTING, NETTING, SETTING, WETTING, PATTING, PITTING,
POTTING, PUTTING. Note that five of the seven letters are ungar
bled. At the other extreme, a sample of 95 words revealed that 57
were isolanos; therefore ~ it is estimated that (57/95) = 60 per cent
of all seven-letter words are isolanos.
A s the size of the network shrinks, so does its span. The longest
path is probably the one connecting PARTING and LONGING, with
seventeen steps:
PARTING-patting-petting- betting- beating- beading- bending
pending-penning-pinning_ sinning- singing- ringing- rigging
jigging- jogging-Iogging- LONGING

162
It appears to be impossible to find two seven-letter Pocket Dic
tionary words with maximum resistance to ambiguity which can be .
connected in seven step s using Pocket Dictionary words. In fact, in
the four networks described above, not one contains two seven-letter
words with maximum resistance to ambiguity. It is conjectured that
there exists no Pocket Web ster network of seven-letter words with
this property. Nevertheless, it is interesting to note that the 47-word
CCVCCER-CCVCCED network almost accomplishes this feat:

chantry- chantey- chan.ter-chatter- shatter- spatter- sputter?
chantry- chantey- chanter- chatter - clatter - platter- plotter?
All words in both sequences have a T in the fifth position.
Eight-Letter Word Networks
We conclude this survey of word networks with the eight-letter ver
sion; it seems quite evident that for larger number s of letter s the net
works will be quite small and unintere sting. (Neverthele s s, one must
go a s high as sixteen-letter words in the Pocket Dictionary to find a
pure set of isolano s; fifteen-letter words have the networks INTER
VENTIONISM-INTERVENTIONIST and SUPERINTENDENCE-SUPER
INTENDENCY. )
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The largest eight-letter word network is alITlost certainly the one
which contains 28 words of the forITl CCYPPING, where C is a corison
ant and Y is a vowel. Because only the fir st three letter s change, it
is possible to diagraITl this network in the style of the three-letter net
work ( see preceding page) •
The second largest network contains 14 words of the forITl CYCG
NESS and CYCCLESS, a.nd the third largest network contains 12 words
of the forITl CCYNNING and CCYNKING.
The word having ITlaxiITluITl aITlbig.uity in this network is clearly
SLIPPING, with the seven garbles CLIPPING, FLIPPING, SHIPPING,
SNIPPING, SKIPPING, SLAPPING and SLOPPING. Is it possible that
an eight-letter word with greater aITlbiguity exists in SOITle other net
work? At the opposite extreITle, a saITlple of 91 words rev~aled that
74 were isolanos; therefore, it'is estiInated that (74/91) = 81 per
cent of all eight-letter words are isolanos.
The span of this network is ten: WRAPPING-trapping-tripping
dripping - dr opping- cropping -chopping - shopping - slopping - slapping
SWAPPING.

